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© A tubular connector for connftcting a drilling tool 
assembly to a drill string for use in CTD operations. 
Tlie connector has a fluid flow passage therethrough, 
and comprises: a first pari including means for fixing 
to the drill string and a second part including means 
for fixing to the drilling tool as;sembly; inter engaging 
formations such as splines provided on the first and 
second parts such that, when engaged, said forma- 
tions do not prevent relative axial movement of the 
first and second parts but prevent relative rotation 
thereof; a threaded collar provided around adjacent 
end portions of the first and second parts for axial 
location thereof when connected. The connector can 
also include a non-return valve assembly located in 
the fluid flow passage; a pressure actuated piston 
device in the fluid flow passage for disconnecting 
the drilling tool assembly from the drill string; and a 
pressure actuated valve which, when operated, al- 
lows fluid communication between the fluid flow pas- 
sage and an exterior region of the connector. 
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FIELD OF THE INVENTION 

The present invention relates to a connector for 
connecting a drilling tool assembly to a drill string. 
In particular the invention relates to a connector for 
connecting a bottom hole assembly (BHA) to coiled 
tubing (CT) for coiled tubing drilling (CTD) oper- 
ations. 

BACKGROUND OF THE INVENTION 

In CTD operations, a BHA comprising, inter 
alia, a downhole motor having a drill bit connected 
thereto is made up to a CT string and drilling takes 
place by rotating the bit with the downhole motor 
by pumping drilling fluid through the CT and apply- 
ing weight to the bit. In this respect, CTD oper- 
ations are essentially the same as conventional- 
drilling operations with a downhole motor and drill 
pipe~torming-thendrHt-stringr-|-toweverr~smce-€^ 
continuous, it is not neccessary for the drilling to 
be interrupted to add more pipe to lengthen the 
drill string. In CTD operations the CT drill string is 
advanced into the well or withdrawn from the well 
using a CT injector head as is common in CT 
operations. Consequently, it is unnecessary to have 
a derrick or mast, draw works and rotary table or 
top drive to handle or drive the drill string as in 
conventional rotary drilling. 

In drilling operations, the drill string and BHA 
can become stuck for a variety of reasons which 
are generally considered as mechanical sticking or 
differential sticking. In such cases, the overpull 
required to free the drill string or BHA is greater 
than that available from the rig. While certain reme- 
dial operations are available, it is often the case 
that it becomes necessary to back off and to re- 
trieve the stuck tool in a fishing operation. With a 
conventional pipe drill string, this is done locating 
the stuck point in the drill string with an appropriate 
wireline tool inside the drill string and then lowering 
an explosive charge to the level of the pipe joint 
above the stuck point. This charge is detonated 
while a torque is applied to the string to unscrew 
this joint and allow the free part of the drill string to 
be withdrawn from the well. CTD operations differ 
in that there are no pipe joints to disconnect nor is 
it normally possible to apply torque to the drill 
string since there is no rotary drive at the surface, 
in addition, running in of a wireline tool or explosive 
cutter would require first cutting the CT at the 
surface. Sticking is encountered in non-drilling CT 
operations and it is normally the tools connected to 
the CT which become stuck. 

Consequently, the connector often includes a 
disconnect mechanism which can be actuated by 
pumping fluid through the CT, often in conjunction 
with dropping a ball into a ball seat in the connec- 
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tor to block the flow passage and allow sufficient 
pressures to be generated to operate the discon- 
nect. 

Generally it is the BHA which becomes stuck 
in CTD operations but conventional CT connectors 
are inappropriate for drilling operations because 
they involve a threaded connection. While this is 
acceptable for non-drilling applications where there 
is no torque on the joint in the connector, it is not 
suitable for CTD operations since the drilling action 
causes torque to be applied to the BHA and CT. In 
conventional drilling operations threaded joints can 
be tightened to an appropriate torque using the 
rotary power available at the rig floor, rotating the 
drill string, the new pipe or both. However, such 
rotary power is not normally available in CTD oper- 
ations nor is it normally possible to rotate the drill 
string. All threaded connections may be made up 
with power tongs, except the final one where the 

injector-ts-fnade-up^-^he-BHA-preventtr^-#ie-tJse~ 
of power tongs. 

The lack of rotary power to apply the torque 
typically require for conventional threaded joints 
(often in the order of 2000ft lbs) and the inability to 
rotate the CT has been encountered before in CT 
operations and joints which do not require rotation 
of the CT or tool have been proposed. These 
generally involve threaded rotatable collars on one 
part of the connector which engage threaded por- 
tions on the other part such that when tightened, 
the two parts are drawn together. However, such 
joints are not capable of transmitting drilling torque 
across the joint but this is not a problem in conven- 
tional operations where negligible torque is encoun- 
tered. 

It is an object of the present invention to pro- 
vide a connector suitable for CTD operations which 
does not require high levels of torque to make the 
connection yet which is able to transmit the torque 
encountered in drilling across the joint. 

SUMMARY OF THE INVENTION 

The present invention provides a tubular con- 
nector for connecting a drilling tool assembly to a 
drill string having a fluid flow passage therethrough, 
comprising: a first part including means for fixing to 
the drill string and a second part including means 
for fixing to the drilling tool assembly; inter engag- 
ing formations provided on the first and second 
parts such that, when engaged, said formations do 
not prevent relative axial movement of the first and 
second parts but prevent relative rotation thereof; a 
threaded collar provided around adjacent end por- 
tions of the first and second parts for axial location 
thereof when connected. 

It is preferred that the connector also includes 
a non-return valve assembly located in the fluid 
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flow passage; a pressure actuated piston device in 
the fluid flow passage for disconnecting the drilling 
tool assennbly from the drill string; and a pressure 
actuated valve which, when operated, allows fluid 
connmunication between the fluid flpw passage and 5 
a exterior region of the connector. 

The provision of the inter engaging fornnatlons, 
typically splines, in the two parts of the connector 
allows the parts to be "stabbed" together, i.e. the 
end of one part is inserted into the end of the other io 
part, and the collar can then be tightened around 
the joint. Since the collar does not carry any of the 
torque, it is not required to be tightened with a high 
torque and so can be completed with the facilities 
typically at hand in a CTD operation such as a pipe is 
wrench without the need for rotation of the parts 
themselves. 

The pressure actuated piston device serves to 
connect two separable parts of the connector. 

~Th~ese"'two^parts^are-typically-found-tn'-one-or-other 20- 

of the first or second part of the connector. In one 
example, the second part of the connector is 
formed from two separable parts held together by 
the piston device. When it is desired to disconnect 
the drill string from the drilling tool assembly, the 25 
piston device will be actuated so that the two parts 
can be separated. 

BRIEF DESCRIPTION OF THE INVENTION 

30 

The present invention will now be described in 
more detail with reference to the accompanying 
drawings, in which: 

Figure 1 shows a general view of a CTD opera- 
tion; and 35 
Figures 2 - 5 show sectioned views through a 
connectol' according to one embodiment of the 
invention. 

DETAILED DESCRIPTION OF A PREFERRED EM- 40 
BODIMENT 

Referring now to figure 1. there is shown a 
schematic view of a CTD operation. . The surface 
equipment comprises a truck mounted CT unit 1 45 
having a power source 2 and CT reel 3 mounted 
thereon. The CT 5 passes into the well via a CT 
injector head 4 which incorporates blowout prevent- 
ers. At the lower end of the CT is mounted a 
bottom hole assembly 6 incorporating a downhole 50 
motor 7. a drill bit 8 and an MWD package 9. The 
BHA is connected to the CT by means of a con- 
nector 1 1 which will be described in detail below in 
relation to figure 2 - 5. 

The connector shown in figures 2-5 com- 66 
prises a generally tubular body having a first sec- 
tion 10 connected to a coiled tube not shown) and 
a second section. 12 connected to a bottom hole 


assembly (also not shown) Unless otherwise In- 
dicated, the parts of the connector are made from 
alloy steel or any other material as is commonly 
used for oilfield tools such as these. Referring now 
to figure 2, the first section 10 is made from 
Inconel 718 and is connected to the coiled tube by 
a conventional CT tool connector (not shown) which 
fits into a threaded end fitting 14 which is typically 
tightened to a torque of 2000ft lbs. The portion of 
the first section 10 beyond the end fitting 14 is 
reduced in diameter and has a tapered end 16 and 
splines 18 formed in the outer surface of the sec- 
tion adjacent the tapered end 16. A groove 20 is 
formed in the outer surface of the first section 10 
near to the splines 18 and a split ring 22 made 
from Monel K500 is located in the groove 20 so as 
to provide abutment surfaces proud of the surface 
of the section 10. A collar 24 is located around the 
reduced diameter portion of the first section 10 and 
-has-a-threaded-portion-26-en-its~inner-surfaGe-near- 
an open end 28. A shoulder 30 is formed in the 
inner surface of the collar 24 which, at one limit of 
the axial movement of the collar 24 on the section 
10 abuts against the ring 22. 

The end of the second sectjon 12 Is reduced in 
diameter and thickness and has splines 32 formed 
in the inner surface thereof and a threaded portion 
33 in the outer surface thereof. 

In use. the tapered end 16 of the first section 
10 is stabbed into the end portion of the second 
section 12 such that the splines 18. 32 engage. 
Tapered lead-in sections are provided on the 
splines to assist in alignrhent and engagement. The 
collar 24 is then slid down over the end portion of 
the second section 12 and the threaded portions 
26, 33 are engaged and tightened until the shoul- 
der 30 and the end surface 36 of the second 
section each contact the ring 22. The collar is the 
tightened to a torque of about 400ft lbs which can 
typically be applied using a pipe wrench or the like. 
The collar 24 is retained in tightened position by 
set screws 25. Relative axial movement of the first 
and second sections is prevented by the collar 24 
and ring 22 and relative rotation of the first and 
second sections is prevented by the splines 18. 32. 
In an alternative embodiment, the ring 22 only 
serves to retain the collar on the first section 10 
and axial thrust is taken by the collar. The limit of 
this is found when the end 28 is tightened against 
a shoulder 29 in the second part 12. 

Double check valves 38 are mounted in the 
second section adjacent the end portion as is 
shown in figure 3. The check valves act as non- 
return valves such that flow of drilling fluid from the 
CT to the BHA is allowed but flow in the reverse 
action Is prevented. Such valves are commonly 
used in CT and drilling operations for this purpose 
and are available from a number of suppliers. 
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Adjacent the check valves and shown in figure 
4. is a pressure operated disconnect section. This 
comprises upper and lower separable parts 40, 42 
made from alloy steel which are held together by 
rnyans of three lugs 44 (only one is shown). The 
upper part 42 is connected to the second part 12, 
Tho lugs 44 are held in engagement with the 
scpaiable parts by means of a slideable piston 46 
located in the interior of the section and held 
agciinsi axial movement by a series of shear pins 
48 (only one is shown) held in a shear sleeve 47 
wnicn fits against a shoulder 49 formed in the inner 
curfoco of tho first part 40 and which connect the 
piston Id the upper part 40. The upper part 40 has 
an ond section 50 of reduced diameter which fits 
inside the end section of the lower part 42. The 
innei surface of the lower part 42 adjacent its open 
end iS undercut to provide a suitable connection for 
a fishing tool after separation. 

The piston 46 compri§W"an~essentia11yncylih— 
drical body having a reduced diameter centra! bore 
at its upper end forming a ball seat 52. The outer 
surface of the piston 46 at its lower end forms a 
lug support 54 which serves to retain the lugs 44 in 
position so as to project through apertures 56 in 
the section 50 into lug seats 58 in the inner surface 
of the lower part 42. The lugs are formed with two 
projections 60 which locate into two correspond- 
ingly shaped recesses 62 in the lug seat 58. The 
provision of the two projections 60 means that axial 
load in either direction is spread over twice the 
area than would be the case if a single projection 
was provided on a similar sized lug. Relative rota- 
tion of the upper and lower parts 40.42 is pre- 
vented by means of inter engaging splines 64, 66 
formed in the outer and inner surfaces of the parts 
40,42. The portion of the piston 46 between the 
ball seat 52 and the lug support 54 has a reduced 
outer diameter such that when this portion is posi- 
tioned below the lugs 44, they can fall out of 
engagement with the lug seats 58 and allow rela- 
tive axial separation of the two parts of the dis- 
connect section. The piston 46 is made as light as 
possible to reduce the likelihood of shearing the 
shear pins accidentally by axial shock applied to 
the connector. 

Operation of the disconnect section is achieved 
by dropping a steel ball through the CT so as to 
become located in the seat 52. Once located, the 
pressure of the drilling fluid is raised such that the 
shear pins 48 break and the piston 46 is forced 
down by the pressure of the drilling fluid. This in 
turn moves the portion of reduced outer diameter 
below the lugs 44 such that they can drop out of 
engagement with the lug seats 58 and the two 
parts can be seperated by pulling the CT at the 
surface. At the same time, the portion of the piston 
forming the ball seat 52 opens a port 68 in the 


upper part 40 which allows drilling fluid to pass 
from the interior of the CT and connector to the 
exterior thereof. Consequently, circulation of drilling 
fluid through the CT can continue while it is being 
5 withdrawn from the well despite the fact that the 
ball is blocking the normal flow channel. This can 
be particularly useful when disconnecting in very 
cold environments where the drilling fluid might 
otherwise freeze in the CT reel at the surface if not 
10 circulated continuously. 

Below the disconnect is a pressure operated 
circulation valve section as shown in figure 5, This 
comprises a port 70 in the lower section 42 which 
is covered by a sliding piston valve member 72 
76 which Is similar to that in the disconnect section. 
The valve member 72 is made from Monel K500 
and is held in place over the port 70 by means of 
shear pins 74 (only one shown) and a shear sleeve 
75. A flow restriction 76 is formed in the bore of 

~~2o~ the-vafve-member-7-2-which-ean-ateo-serve-as-a- 
ball seat. The restriction 76 is typically made from 
tungsten carbide and is similar in structure to a bit 
nozzle. In use. the port 70 can be opened by either 
increasing the pressure of the drilling fluid in the 

25 CT such that the force exerted on the piston 72 
due to the differential area YY-Z2 is sufficient to 
break the shear pins 74 or circulating a ball through 
the CT which will seat in the restriction 76 and 
allow pressure to build up and break the shear pins 

30 74. In either case, the valve member slides down 
to open the port 70 and allow circulation of the 
drilling fluid to continue. This can be important for 
three particular reasons. First, when It is desired to 
circulate while wilhdrwing the BHA from the well in 

35 cold climates to prevent freezing of the drilling fluid 
in the CT reel. Since drilling is performed with a 
downhole motor which uses flow of drilling fluid to 
drive the drill bit, continued flowing of fluid when 
tripping out of hole would normally continue to 

40 rotate the drill bit which is undesirable due to the 
reaming action which would occur. In such a case, 
a ball would normally be used to operate the valve 
and block the flow to the motor. Second, if the 
nozzles in the bit are blocked such that flow 

45 through the CT is not possible, it will not be possi- 
ble to circulate a ball to operate the disconnect as 
described above. By opening the port 70, circula- 
tion can be resumed and the ball dropped into the 
disconnect. Third, if it is necessary to circulate lost 

50 circulation material which might otherwise plug an 
MWD tool or drill bit, the port 70 can be opened 
prior to circulation of this material. 

Below the valve section, the connector termi- 
nates in a conventional tapered thread section 

65 which can be connected to a BHA in the normal 
way. 

Since the valve section must be placed below 
the disconnect section, it is essential that the pres- 
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sure required to operate the valve is less than that 
which would actuate the disconnect. Furthermore, 
the ball used to actuate the valve must be able to 
pass through the disconnect ball seal. In one ex- 
ample of the present invention, for a 3 In diameter 
connector, the valve uses a 0.625 in ball and a 
pressure of 1891 psi for actuation while the dis- 
connect uses a 0.875 ball and 2700 psi to dis- 
connect. Where no ball is used, the valve is ac- 
tuated at 5600 psi and the disconnect will not 
normally operate without a ball at pressures below 
7100 psi. These settings can be adjusted by 
changing the number of shear pins, their thickness 
or the differential areas forming the ball seats or 
restrictions as will be appreciated by a worker 
skilled in the art. 

Claims 


6. 


"1-: — A"tubular conn'eds"forconnecting-a-drilling'ioo 
assembly to a drill string having a fluid flow 
passage therethrough, comprising: a first part 
including means for fixing to the drill string and 
a second part including means for fixing to the 
drilling tool assembly; inter engaging forma- 
tions provided on the first and second parts 
such that when engaged, said formations do 
not prevent relative axial movement of the first 
and second parts but prevent relative rotation 
thereof; a threaded collar provided around ad- 
jacent end portions of the first and second 
parts for axial location thereof when connected. 


2. A connector as claimed in clam 1, further 
comprising a non-return valve assembly lo- 
cated in the fluid flow passage; a pressure 
actuated piston device in the fluid flow pas- 
sage for disconnecting the drilling tool assem- 
bly from the drill string; and a pressure ac- 
tuated valve which, when operated, allows fluid 
communication between the fluid flow passage 
and an exterior region of the connector. 

3. A connector as claimed in claim 1, wherein at 
least part of the end portion of one part of the 
connector fits inside a corresponding part of 
the end portion of the other part of the connec- 
tor, the inter engaging formations comprising 
splines formed in an outer surface of said one 
part and in an inner surface of said other part. 

4. A connector as claimed in claim 1, further 
comprising abutment means for carrying an 
axial thrust between the first and second parts 
caused by tightening of the threaded collar. 

5. A connector as claimed in claim 4, wherein the 
abutment means comprises a ring located in a 
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groove in an outer surface of one of the parts 
of the connector. 

A connector as claimed In claim 1, wherein the 
end portion of the first part fits inside the end 
portion of the second part, the threaded collar 
encircling the first part and engaging threading 
on an outer surface of the second part such 
that abutment surfaces on the threaded collar 
and on the end portion of the second part abut 
against abutment means in the outer surface of 
the first part when the threaded collar is tight- 
ened. 

A connector as claimed in claim 2. wherein the 
non-return valve assembly, the pressure ac- 
tuated piston device and the pressure actuated 
valve are all located in the second part. 
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-Bz — ^A-connector-as-elaimed-tn-elaim-2— wherein-the— 
pressure actuated piston device in its normal 
position serves to connect separable portions 
of the connector and when actuated allows 
axial separation of the separable portions. 

9. A connector as claimed in claim 8. wherein the 
pressure actuated piston device is held in its 
normal position by shear pins. 

10. A connector as claimed In claim 8, wherein the 
separable portions of the connector are held 
against axial separation by lugs when the pres- 
sure actuated piston device is in its normal 
position. 

11. A connector as claimed in claim 8, wherein the 
separable portion which is connected to the 
drilling tool assembly is provided with format 
tions for engagement with a fishing tool. 

12. A connector as claimed in claim 9, wherein the 
pressure actuated piston device includes a ball 
seat such that when a ball is located in the ball 
seat, pressure can be applied to shear the 

45 shear pins and allow separation of the separa- 

ble portions. 

13. A connector as claimed in claim 10. wherein 
the separable portions are held against relative 

60 rotation by inter engaging splines. 

14. A connector as claimed in claim 12. wherein 
actuation of the device opens a port in the 
portion connected to the drill string such that 

55 fluid can be circulated through the drill string 

after separation with the ball located in the bail 
seat. 
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15. A connector as clalnned in claim 2, wherein the 
pressure actuated valve comprises a sleeve 
located in the fluid flow passage by means of 
shear pins, the sleeve including a flow restrlc- 


16- A connector as claimed in claim 15, wherein 
the flow restriction also provides a ball seat. 

17. A connector as claimed in claim 2, wherein the io 
pressure actuated piston device is located 
downstream of the non-return valves and the 
pressure actuated valve is located downstream 

of the pressure actuated piston device, all re- 
lated to the direction of fluid flow in the fluid 75 
flow passage. 

18. A connector as claimed in claim 2, wherein the 
pressure required to actuate the pressure ac- 
tuated piston device is greater tnan the pres- 20" 
sure required to actuate the pressure actuated 
valve. 

19. A connector as claimed in claim 11 .wherein 

the pressure actuated valve comprises a 25 
sleeve located in the fluid flow passage by 
means of shear pins, the sleeve including a 
flow restriction which also provides a ball seat, 
the ball seat provided by the flow restriction Is 
smaller than that provided in the pressure ac- 30 
tuated piston device. 

20. A connector as claimed in claim 1, wherein the 
drill string comprises coiled tubing. 


21. A connector as claimed in claim 1 . wherein the 
drilling tool assembly comprises a downhole 
motor and a drill bit. 
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